A new two-step synthesis of pyrrole-2-carboxylic acids is described, steps via 1,3 dipolar cycloaddition of azomethine ylides to nitro-styrenes and oxidation of the resulting pyrrolidines with alkaline hydrogen peroxide.
The biological importance of pyrrole-containing natural products, such as heme, chlorophyll and vitamin B 12 has stimulated extensive research on the synthesis and reactivity of pyrrole derivatives.
1 There are many methods for the synthesis of these important heterocycles, 2 including the 1,3-dipolar cycloaddition of azomethine ylides to alkynes, followed by aromatization of the intermediate pyrrolines.
3 However, the preparation of pyrroles by dehydrogenation of pyrrolidines has found little application due to the lack of general methods, and to the forcing conditions required in most cases. 4 We now report that a variety of substituted nitro-pyrrolidines can be converted into pyrroles using alkaline hydrogen peroxide to promote a cascade oxidation-elimination process.
The highly substituted pyrrolidines were prepared in high yield by the stereoselective 1,3-dipolar cycloaddition of azomethine ylides (generated from the imines 1) with 2-aryl-nitroethylenes 2 in the presence of silver acetate (Scheme 1). 5 The stereochemistry of the exclusive synendo cycloadducts was deduced by comparison with the 1 H-NMR data of similar compounds.
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Scheme 1 Reagents and conditions: i. AgOAc, Et 3 N, toluene, r.t.
We originally attempted to find a feasible method for the Nef-type conversion of highly substituted nitro-pyrrolidines, in connection with our studies on the synthesis of biologically active pyrrolidine alkaloids. After several standard methods failed in our hands we turned our attention to the oxidation of the corresponding nitronate anion by hydrogen peroxide, which was first described by Olah and co-workers.
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To our surprise we found that after several hours stirring at room temperature a light brown material began to precipitate from the solution which was shown to be the pyrrole derivative. 8 In all cases the reactions, using two equivalents of base, were complete after stirring for 1 day, giving the diarylpyrrole-2-carboxylic acids 4 in virtually quantitative yield. The results are summarised in Table 1 . In the absence of base no reaction occurred (Entry 4), while in the absence of hydrogen peroxide, after the workup, a 1:1 mixture of pyrrolidine isomers of 3i and 5i respectively, was isolated. (Scheme 2). No aromatization occurred in the case of the N-protected derivatives 5. It is also interesting to note that when the solution of the nitronate derived from 5 was treated directly with acid a 1:1 isomeric mixture of 5i was obtained, while after work-up of the reaction treated with hydrogen peroxide only a single isomer 6 was obtained. The stereochemistry of these pyrrolidines was confirmed by HH-COSY and NOE experiments. This epimerization also takes place as the first step in the reduction of the nitro-group using carbon disulfide and an excess of triethylamine at room temperature.
9 After 4 hours reaction time only pyrrolidine 6 was isolated, while after 72 hours the oxime 8 was formed in good yield (Scheme 3). The nitro group of any nitro-alkene generally fails to serve as a leaving group in ionic base-catalysed elimination reactions since the reaction of primary and secondary nitro alkanes with base results in the formation of stable nitronate anions. However, with electron-withdrawing groups at the β-position to the nitro group the base-induced elimination of nitrous acid takes place smoothly to give alkenes in good yield.
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Our results suggest that the first step in this aromatization is a dehydrogenation leading to the formation of the pyrroline derivative 9. This intermediate can then eliminate a nitronate ion through a vinylogous E 1CB mechanism to give pyrrole-2-carboxylic acids, after aromatization through a [1,5] sigmatropic shift of hydrogen and the alkaline hydrolysis of the ester group (Scheme 4). The elimination step is similar to that proposed by Barton and coworkers 11 in their pyrrole synthesis. In the reaction of similar cycloadducts, lacking the carboethoxy functionality, with alkaline potassium permanganate only nitro-pyrroline formation was observed, 12 which further supports our observations.
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